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I 
摘要 
当今世界，由于有机染料、杀虫剂、表面活性剂等的大量使用，导致了环境
的严重污染。目前用于处理这些污染物的方法主要有生物降解法、物理吸附法、
光催化降解法等。其中，以 TiO2 和 ZnO 为代表的光催化剂经过特定波长的光照
能产生电子跃迁，形成光生电子和空穴，能对有机污染物进行有效的降解。随着
对光催化剂研究的不断深入，人们发现，当光催化剂达到纳米级时，其光催化活
性得到大大的提高。但纳米颗粒之间很容易团聚在一起，而且很难回收利用。采
用将光催化剂纳米颗粒负载到多孔材料的方法，可克服团聚、难以回收等缺点。
本文分别以 silicalite-1 和 SiO2@silicalite-1 为载体，在其表面分别负载 TiO2纳米
颗粒和掺有 Co 量的 Co/ZnO 纳米颗粒，制备 silicalite-1 基光催化剂。通过对
silicalite-1 基光催化剂的结构、形貌、光响应能力以及光催化降解罗丹明 B 的表
征，研究了 silicalite-1 基光催化剂的物理化学及光催化性能。本论文取得的主要
研究成果如下： 
（1）采用工业硅溶胶为原料，制备了 silicalite-1 分子筛，利用工业硅溶胶
为粘结剂，通过压制、烧结和浸泡的方法将 TiO2（P25）纳米颗粒粘结在 silicalite-1
分子筛的表面，制备了 SiO2@TiO2@silicalite-1 光催化剂。结果表明，
SiO2@TiO2@silicalite-1 光催化剂对罗丹明 B 的降解效率为 99.7%，其光催化活
性相比于 TiO2（P25）有了明显的提高，且光催化性能稳定，经过四次循环光降
解实验后，它的降解效率还能保持原来的 99.2%。 
（2）采用工业硅溶胶为硅源，通过优化前驱体溶液中的模板剂和氢氧化钠
的配比，调整样品的晶化时间，制得了颗粒表面负载一层无定型 SiO2 且存在凹
槽的 SiO2@silicalite-1。以钛酸四丁酯为前驱体，SiO2@silicalite-1 为载体，通过
水解混合法制备了 TiO2@SiO2@silicalite-1 光催化剂。结果表明，SiO2@silicalite-1
对 TiO2 的 负 载 量 是 传 统 型 silicalite-1 分 子 筛 负 载 量 的 3.48 倍 。
TiO2@SiO2@silicalite-1光催化剂对罗丹明B的降解率是传统型 silicalite-1分子筛
负载 TiO2 后降解率的 2.58 倍，且光催化性能稳定，经过四次循环降解罗丹明 B
后，降解率仅降低了 2.99%。 
（3）以 silicalite-1 分子筛为载体，通过控制合成 ZIF-8 前驱体溶液中 Co2+
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II 
的含量，采用搅拌合成法，在 silicalite-1 分子筛颗粒表面负载上一层含有掺有不
同 Co 量的 ZIF-8 纳米颗粒（Co/ZIF-8@silicalite-1）。采用烧结的方法，制得掺有
不同 Co 量的 Co/ZnO@silicalite-1 光催化剂。系统的研究了 Co 的掺杂对催化剂
形貌和性能的影响。研究发现，Co 可拓宽 ZnO@silicalite-1 光催化剂在可见光区
的光响应性能，当 Co 的掺杂量为 5%时，其 Co/ZnO@silicalite-1 光催化剂对罗
丹明 B 的降解能力达到最大值（94.0%），且光催化性能稳定，经过四次循环光
降解实验后，它对罗丹明 B 的降解率仍能达到 90.4%。 
关键词：工业硅溶胶; 载体; 光催化剂; 降解率 
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Abstract 
In today's world, organic dyestuff, pesticide and surfactant are widely used in 
various fields, which lead to the serious pollution of the environment. Until now, there 
are many ways to treat these contaminants, such as biodegradation, physical 
absorption, photocatalytic degradation. Among these methods, some photocatalysts, 
such as TiO2 and ZnO, can produce electron transition under some light and form 
light electrons and holes, which can degrade organic pollutants. Study along with 
photocatalysts development continuously thorough, it can be found that when the 
photocatalyst is nanosized, its photocatalytic activity can be enhanced obviously.  
But the nanoparticles are easy to aggregate together and difficult to be recycled. These 
disadvantages can be overcomed by loading photocatalyst nanoparticles on porous 
materials. In this paper, we used silicalite-1 and SiO2@silicalite-1 as support to 
prepare the silicalite-1 based photocatalysts, in which TiO2 nanoparticles and Co/ZnO 
nanoparticles containing different amounts of Co supported on the surface of 
silicalite-1 particles. The physicochemical property and photocatalytic performance of 
silicalite-1 based photocatalysts were analyzed by characterizing its structure, 
morphology, photoresponse performance and photocatalytic degradation of rhodamine 
B. The main research results are listed as follow:  
(1) Silicalite-1 was synthesized by using industrial silica sol as silica source. And 
SiO2@TiO2@silicalite-1 photocatalyst was prepared through pressing, sintering and 
immersing methods, in which TiO2 (P25) nanoparticles were bonded on the surface of 
silicalite-1 by industrial silica sol. It can be found that the degradation efficiency of 
SiO2@TiO2@silicalite-1 photocatalyst for RhB is 99.7%, which is higher than TiO2 
(P25). And the photocatalytic efficiency of SiO2@TiO2@silicalite-1 photocatalyst 
keeps 99.2% of the original after four photocatalytic degradation cycles.  
(2)  The SiO2@silicalite-1, coating with a layer of amorphous SiO2 and existing 
grooves on its surface, were prepared by using industrial silica sol as silica source 
through optimizing the proportion of template and sodium hydroxide in the precursor 
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solution and adjusting the crystallization time. Then, TiO2@SiO2@silicalite-1 catalyst 
was prepared by using tetrabutyl titanate as precursor solution, SiO2@silicalite-1 as 
support through hydrolytic method and hybrid method. It can be found that the 
content of TiO2 in SiO2@silicalite-1 is 3.48 times higher than that in traditional 
silicalite-1. The degradation rate of TiO2@SiO2@silicalit-1 is 2.58 times higher than 
the TiO2 supported in traditional silicalite-1. And TiO2@SiO2@silicalite-1 also has 
high stability. After four photocatalytic degradation cycles, the photocatalytic 
efficiency of SiO2@TiO2@silicalite-1 photocatalyst just reduces 2.99%. 
(3) Silicalite-1 zeolite was used as support to load a layer of Co/ZIF-8 on its 
surface containing different amount of Co to prepare the Co/ZIF-8@silicalite-1, 
which was synthesized by controlling the content of Co2+ in the precursor solution of 
ZIF-8. And the Co/ZnO@silicalite-1 photocatalysts containing different amount of Co 
were prepared by stirring method. It can be found that doping Co in ZnO@silicalite-1 
photocatalyst can extent its response to visible light. When ZnO@silicalite-1 
photocatalyst is doped with 5% Co, its degradation rate for RhB is maximized 
(94.0%). And it keeps the high stability. After four photocatalytic degradation cycles, 
the photocatalytic efficiency of Co/ZnO@silicalite-1 photocatalyst is 90.4%.  
Keywords: Industrial silica sol; support; photocatalyst; degradation rate 
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V 
本学位论文的主要创新和贡献 
本论文以 silicalite-1 基多孔材料为载体，制备了 SiO2@TiO2@silicalite-1、
TiO2@SiO2@silicalite-1 和 Co/ZnO@silicalite-1 光催化剂，探索了载体的制备方法
和性能，研究了光催化剂的光催化活性。主要创新点如下： 
（1）工业硅溶胶硅制备 silicalite-1 分子筛及粘结 TiO2 纳米颗粒制备
SiO2@TiO2@silicalite-1 光催化剂的创新：采用工业硅溶胶为硅源，制备了
silicalite-1 分子筛。并首次以硅溶胶为粘结剂，将 TiO2 纳米颗粒粘结在 silicalite-1
分子筛颗粒的表面，成功的制备了 SiO2@TiO2@silicalite-1 光催化剂。通过系统
的研究 SiO2@TiO2@silicalite-1 光催化剂的结构和性能，揭示了 silicalite-1 的负载
对 TiO2 性能的影响。 
（2）高浓度工业硅溶胶制备 SiO2@silicalite-1 及负载 TiO2 方面的创新：首
次以高浓度的硅溶胶为硅源，通过优化四丙基溴化铵的用量，控制前驱体溶液的
碱度，调整样品的晶化时间，制得了具有高结晶度的 SiO2@silicalite-1，系统的
研究了模板剂、碱度和晶化时间对 SiO2@silicalite-1 结构和性能的影响。并以
SiO2@silicalite-1 为载体，制备了 TiO2@SiO2@silicalite-1 光催化剂，考察了
SiO2@silicalite-1 催化剂对 TiO2 的负载性能及其光催化性能。 
（3）Silicalite-1 分子筛负载 Co/ZIF-8 制备 Co/ZnO@silicalite-1 光催化剂方
面的创新：以 silicalite-1 分子筛为载体，在其表面负载上掺有不同 Co 量的 ZIF-8
（Co/ZIF-8），采用烧结的方法除去 Co/ZIF-8 中的有机配体，制得了掺有不同 Co
量的 Co/ZnO@silicalite-1 光催化剂。通过 Co 的掺杂，拓宽了 ZnO@silicalite-1
光催化剂的光响应范围，使其在可见光波段具有光响应能力，提高了其光催化性
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